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Description

Field of the Invention

[0001] This invention relates to the field of trunked ra-
dio systems and specifically to an improved method and
means of dispatch trunked radio control which provides
an expanded array of features including uninterrupted
private communication between trunked subscriber
units. This patent is divided out of European patent ap-
plication no. EP-A-0 210 181.

Background of the Invention

[0002] Trunked radio systems have developed in re-
sponse to an ever increasing demand for radio commu-
nications services. Previous radio communications sys-
tems have expanded to the point where potential users
are denied service because the available frequency re-
source is being utilized. Typically, subscribers using old-
er mobile radio system were constrained to operate on
a single frequency, thus limiting the number of users
which could be expected to be assigned to that frequen-
cy. Trunked radio systems alleviate this inherent spec-
trum limitation by actively assigning operating frequen-
cies to mobile radios based on channel availability. In
other words, the mobile radios used as subscriber units
in trunked radio systems are operative on a number of
frequencies which are assigned to the subscriber unit
102 based on channel availability.

[0003] A prior trunked radio system is shown and de-
scribed in United States patent number 4,012,597, en-
titted "Transmission Trunked Multichannel Dispatch
System with Priority Queuing”, by Lync et al, filed No-
vember 24, 1975 and assigned to Motorola Inc,
Schaumburg, lllinois. The trunked radio system de-
scribed in this patent is referred to as a dispatch trunked
radio system. In a dispatch trunked radio system, a mo-
bile radio establishes communication on the system by
transmitting a channel request to a system central con-
troller on a predetermined inbound frequency. The cen-
tral control unit responds to the subscriber unit with a
signalling word which authorizes the subscriber unit to
operate on a specific communication channel. Typically,
the channel request transmitted from the subscriber unit
includes information which identifies the subscriber unit
to the central control unit. Additionally, the subscriber
unitresponds to commands sent from the central control
unit based on radio ID information included with out-
bound channel assignment information. Prior dispatch
trunked radio systems developed around a basic unify-
ing protocol which communicates radio ID and channel
assignment information. However, these systems are
inherently limited in the type of features which may be
implemented because of the limited amount of informa-
tion which is communicated between the central control
unit and the mobile radios of the dispatch trunked radio
system. Itis an object of the present invention to provide
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a more flexible radio communication system.

[0004] From United States patent no. 4,369,443 there
is known a communication system with variable length
message combination packet.

Summary of the Invention

[0005] According to the invention, there is provided a
system as defined in claim 1, and methods according to
claims 2 and 3 respectively. In summary, the present in-
vention contemplates an improved dispatch trunked ra-
dio system having an expanded unifying signalling pro-
tocol which may be advantageously used to implement
enhanced system features while remaining compatible
with prior dispatch trunked radio systems. The subscrib-
er units of the present invention may be capable of gen-
erating and receiving signalling information in accord-
ance with a signal word of concatenated dual-word sig-
nalling scheme. The central control unit may also de-
code and generate signalling information in accordance
with a single or concatenated dual-word signalling
scheme, and generate channel controlling information
in accordance with the signalling scheme of the present
invention.

[0006] Accordingly, the present invention has the ad-
vantages of providing a dispatch trunked radio system
having expanded capabilities which is compatible with
prior dispatch trunked radio systems, and of allowing se-
cure individual mobile-to-mobile radio communication
without regard to secondary fleet, sub-fleet, or group as-
signments.

[0007] Other advantages of the present invention are
that it provides a method and means for a subscriber
unit to receive a private call from another subscriber unit
even thought the subscriber unit may be preset to re-
ceive calls on the sub-fleet level, and means for a sub-
scriber unit to receive a private call from another sub-
scriber unit to respond to the call in a totally private man-
ner.

Brief Description of the Drawings

[0008] Figure 1is block diagram of a dispatch trunked
radio system.
[0009] Figures 2aand 2b are diagrams of the inbound

and outbound signalling word formats of a prior dispatch
trunked radio system, before channel encoding.
[0010] Figure 3 is a diagram detailing the individual
conversations made possible on a trunked system by
execution of the protocol of the present invention.
[0011] Figures 4aand 4b are diagrams of the inbound
and outbound signalling word formats of the dispatch
trunked radio system of the present invention, prior to
channel encoding.

[0012] Figure 5 is a detailed timing diagram detailing
the communication between a subscriber unit and the
central control unit during the execution of the protocol
of the present invention.
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[0013] Figure 6 through 8 are flow diagrams detailing
the overall operation of the present invention.

[0014] Figure 9is adiagram showing the contents and
encoding the first word of the ISW of the present inven-
tion which contains the subscriber unit identification (ID)
code of the requesting unit.

[0015] Figure 10 is a diagram showing the contents
and encoding of the second ISW word which contains
the ID of target mobile.

[0016] Figure 11a describes in details the procedure
for encoding each of the ISW's.

[0017] Figure 11b illustrates the form of the dual ISW
request as it is presented to the FM modulator of the
requesting radio.

[0018] Figure 12 is a diagram showing the encoded
first portion of the Inbound Signalling Word of Figure 9.
[0019] Figures 13 is a diagram showing the second
portion of the Inbound Signalling Word of Figure 9.
[0020] Figure 14a is a time sequence diagram show-
ing the encoding process associated with the Outbound
Signalling Word generated in accordance with the sig-
nalling protocol of the present invention.

[0021] Figure 14bis a diagram showing the data word
structure which results from the coding process of Fig-
ure 14a.

[0022] Figure 15 through 17 are detailed control flow
diagrams detailing the step-by-step operation of the
present invention.

Detailed Description of the Drawings

[0023] The operation of a dispatch trunked radio sys-
tem is summarized in conjunction with Figure 1. The dis-
patch trunked radio system 100 consists of subscriber
units 102, 104 (mobiles or portables), trunked repeaters
106, and a trunking central controller 110. The trunked
central controller 110 and trunked repeaters 106 may
also connected to an "interconnect control unit" (not
shown) which serves to connect the trunked repeaters
102 to a public switched telephone network. In the qui-
escent state all subscriber units monitor the outbound
frequency of the trunked repeater 108 which is desig-
nated the "control channel".

[0024] To establish a "dispatch call" between a group
of units operating on the trunked system 100, a sub-
scriber unit sends a data packet called an ISW (Inbound
Signalling Word) on the inbound frequency of the Con-
trol Channel repeater. The ISW contains the requesting
unit's unique ID code, consisting of a fleet ID and an
individual ID, plus a "subfleet" code indicating to which
group of units it wants to talk. The ISW also contains a
unique "call type" code which indicates that a dispatch
call is the type of call desired. The request is forwarded
to the Central Controller, which decodes the request,
and transmits a data packet called an OSW (Outbound
Signalling Word) to all the subscriber units which are
monitoring the outbound Control Channel. The OSW is
a "channel grant" which contains the subfleet code, the
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requesting unit's ID code, and the voice channel number
assigned for the conversation. The OSW causes the re-
questing unit to move to the voice channel as listening
units. In this way a group of "subfleet" call conversation
may be established. If all the voice channels are in use,
the Central Controller sends the requesting subscriber
unit a "Busy OSW". Further technical description of a
fixed end central control unit for a dispatch trunked radio
system which may advantageously used with the
present invention is set forth in Motorola Inc instruction
manual number 68P81047E50-0 entitled "Trunked Ra-
dio System Central Controller". Repeaters suitable for
use with the presentinvention are described in Motorola
Inc instruction manual number 68P81025E60-D entitled
"Micor Base and Repeater Station Manual". Subscriber
units suitable for use with the present invention are de-
scribed in Motorola instruction manual number
68P81066E80-0 entitled "Trunked Syntor X Smartnet/
Dual Operation FM Two-Way Radio". The instruction
manuals set forth above are herein incorporated by ref-
erence and are available from Motorola Inc, Technical
Writing Services Department 1301 E Algonquin Road,
Schaumburg, lllinois 60196.

[0025] Referring now to Figure 2, the standard decod-
ed ISW's and OSW's are shown in detail. The ISW's and
OSW's are encoded for error correction, detection and
packet sync according to the procedures described in
Figures 11 a and 14a respectively. The information
sources mentioned in block 1102 of Figure 11 and block
1402 of Figure 14 for the standard ISW's and OSW's are
shown in Figures 4b and 4a respectively. The procedure
for the addition of the outer code word for error detection
and the auto-sync sequence, (items 1104, 1106 of Fig-
ure 11 and items 1404 and 1406 of Figure 14) are de-
scribed in United States patent number 3,882,457 enti-
tled "Burst Error Correction Code", filed by En on Jan
30 1974; United States patent number 4,055,832 enti-
tled "One-Error Correction Convolutional Coding Sys-
tem", filed by En on September 24 1975. The procedure
for bitinterleaving and burst error correction (items 1108
of Figure 11 and item 1408 of Figure 14) is described in
United States patent number 4,271,520 entitled "Syn-
chronizing Technique for an Error Correcting Digital
Transmission Scheme" filed by Coombes on June 25
1979; and United States patent number 4,312,070 en-
titted "Digital Encoder-Decoder”, filed by Winfield on
January 19, 1982, all of the above patents are herein
incorporated by reference.

[0026] Referring now to Figure 3, there is shown a di-
agram detailing the individual conversations made pos-
sible by execution of the present invention. The present
invention provides for totally private conversations be-
tween any two subscriber units on the dispatch trunked
radio system. According to the principles of the present
invention, a "dual" or "paired" ISW format is used to send
requests for various types of radio calls, and a dual OSW
is used for the corresponding channel grant. An exam-
ple of the types of calls which are supported by the sig-
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nalling protocol of the present invention areas follows:
A subscriber unit can initiate a totally private call to an-
other subscriber unit 104 in the same fleet. The present
invention provides that the target unit 104 can respond
in a totally private manner to the initiating caller. The
principles of the present invention also provide that a
subscriber unit can initiate a totally private call to anoth-
er subscriber unit which is not in the same fleet as is
shown by the conversation between units 1 and 3 of Fig-
ures 1 and 3. The target unit 103 can respond in a totally
private manner to the initiating caller, unit 1. Each line
indicates a totally private conversation which may be in-
itiated by any party shown in Figure 3.

[0027] Figures 4aand 4b illustrate signalling word for-
mats which are available in a system using the signalling
protocol of the present invention. According to the prin-
ciples of the present invention, an Inbound Signalling
word may be concatenated in a "Dual Word" format to
extend the number of inbound instructions available to
the Central Controller 110 of Figure 1. The specific or-
ganization of the concatenated Inbound Signalling Word
of the present invention is shown in Figure 4a.

[0028] As mentioned above, the encoding process of
single word ISW's is described in United States patent
number 3,882,457, entitled "Burst Error Correction
Code", filed by En on January 30, 1974; United States
patent number 4,055,832, entitled "One-Error Correc-
tion Convolutional Coding System", filed by En on Sep-
tember 24 1975; United States patent number
4,271,520, entitled "Synchronizing Technique for an Er-
ror Correcting Digital Transmission Scheme" filed by
Coombes on June 25 1979; and United States patent
number 4,312,070, entitled "Digital Encoder-Decoder"
filed by Winfield on January 19, 1982. All of the above
patents are herein incorporated by reference. The en-
coded ISW's are then sent on the control channel in suc-
cessive 23.33 millisecond access slots.

[0029] According to the principles of the present in-
vention, OSW's may be concatenated in a "Dual Word"
format to extend the number of outbound messages and
addresses which may be generated to control the sub-
scriber units. The principles of the present invention pro-
vide that decoded dual-word OSW's have a predeter-
mined form.

[0030] If a concatenated signalling word is to be gen-
erated by a subscriber unit, the present invention pro-
vides that the first word of the signalling sequence must
contain a "First Word" identifying code in the Status
Field. The second word follows in the word slot imme-
diately following the first and contains a channel number
or status indicating code in the 10 bit field. The principles
of the present invention provide that the interpretation
of the 16 bit "ID" field in the Second Word depends on
the contents of the Status Field of the first inbound sig-
nalling word.

[0031] The OSW's described above may be encoded
for transmission on the outbound control channel for
sync, error correction and detection according to pat-
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ents set forth above. The central controller transmits the
encoded dual OSW in successive 23.3 millisecond time
slots on the Outbound Control Channel.

[0032] Figure 5 shows a standard dispatch trunked
system channel access procedure. To initiates a con-
versation, the subscriber unit 102 requesting service
sends a voice channel request "A" in the form of an ISW
(Inbound Signalling Word) to the Fixed End Trunking
Controller on the inbound control channel. According to
the principles of the presentinvention, the ISW may take
the form of a single or dual word ISW. If a channel is
available, the fixed end central controller 110 responds
with a voice channel grant "B" in the form of an OSW
(Outbound Signalling Word) on the outbound control
channel as shown. In the preferred embodiment of the
present invention the fixed end central controller 110 re-
sponds with a Dual Word OSW if a dual word ISW was
received from the subscriber unit. At the same time that
the channel grant is send on the outbound control chan-
nel, a high speed acknowledge signal is sent on the out-
bound assigned voice channel. The high speed ac-
knowledge signal contains the group identification code
of the requesting unit and is sent at 3600 BPS. After
detecting the channel grant on the control channel, the
subscriber unit requesting service changes frequencies
to the assigned voice channel, and decodes the high
speed handshake signal from the fixed end central con-
troller 110. It then responds with the high speed ac-
knowledge tone "C" which indicates to the fixed end cen-
tral controller 110 that it has successfully reached the
voice channel. Upon detecting the highspeed acknowl-
edge signal from the subscriber unit, the fixed end cen-
tral controller 110 enables the audio path in the assigned
repeater, removes the high speed handshake, and
starts sending the sub-audible low speed handshake
containing the group ID of requesting unit. After sending
the high speed acknowledge for a fixed time interval,
line "D" shows that the transmitting subscriber unit 102
enables the microphone audio and begins to send voice
with a sub-audible low speed handshake signal. Accord-
ing to line "E", receiving mobile units enable the audio
to their speakers when they decode the low-speed
handshake signal from the fixed end central controller
110. Lines "F" and "G" represent that voice and sub-au-
dible low speed acknowledge, and voice and sub-audi-
ble low speed handshake are sent continuously on the
inbound and outbound voice channel for the duration of
the requesting mobile transmission. The voice channel
grant "H" in the form of an OSW is repeated on the out-
bound control channel for the duration the requesting
mobile transmission. When the operator of the request-
ing unit releases PTT, the radio sends in a sub-audible
disconnect signal "I" indicating end of transmission to
the fixed end central controller 110. Upon receipt of the
mobile disconnect signal, the fixed end central controller
110 disables the audio path in the assigned voice re-
peater. After a time interval expires after mobile discon-
nect is received at the trunking fixed end central control-
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ler 110, the controller sends a sub-audible central dis-
connect signal "J" on the outbound voice channel. This
signal causes all subscriber units on the voice channel
to return to the control channel. The voice channel is
now available for reassignment to a new call.

[0033] Figure 17 illustrates the general mechanism by
which a requesting (or target) subscriber unit interprets
concatenated dual word OSW's in accordance with the
method of the present invention. The procedure starts
with item 1702 when a valid OSW word is decoded in a
receiving radio. Decision 1704 determines whether the
decoded word contains a single word code in the 10 bit
status field. If a single word code was detected, decision
1726 checks the ID code. If the ID matches that of the
requesting unit, then the single word OSW command is
processed atitem 1730. If decision 1726 does not detect
a proper ID, the OSW command is discarded at item
1728. If at decision block 1704, a valid OSW is received
with a valid 1st or 2nd word code in the status field, then
dual word processing commences with decision block
1706. If the "First Word" code is present in the OSW,
then the requesting unit verifies, at decision 1708, that
the ID is that of the target unit 104 it requested. If a valid
"First Word" is detected then item 1710 places the OSW
in a "First Word buffer" to await the receipt of the second
word. A time is also started. If the ID is not the ID of the
requesting unit, then the OSW is discarded by item
1712.

[0034] If a second word code is present in the decod-
ed OSW, then the 1st word buffer is checked by deci-
sions 1714 and 1716. If no first word has been received,
then the second word is discarded by item 1720. If a first
word is present in the buffer, then the time started in
1710 is checked by decision 1716. If more than two
OSW word times (46 Ms) have elapsed, then the second
word cannot be part of the dual word pair, and both
words are discarded by items 1718 and 1720.

[0035] If the second OSW word has been received
within the proper time interval of the first word (stored in
the buffer) then a dual OSW command (busy or channel
grant) has been successfully received. The combined
command is acted upon by item 1724. The action rep-
resented by item 1724 will be discussed more fully in
the context of Figures 6 through 8.

[0036] Figures 6through 8 are flow diagrams detailing
the overall operation of the present invention. Figure 6
describes dual word signalling operation from the view-
point of the mobile subscriber unit requesting an en-
hanced system feature.

[0037] Typically, a subscriber unitis operated in a qui-
escent mode represented by item 602 where the sub-
scriber unit is monitoring the outbound control channel
in a subfleet mode. In this mode the subscriber unit will
respond to calls on a group level. To enter the individual
call mode of the present invention, the operator selects
a target subscriber via pushbutton or keypad and dis-
play, (item 604) and asserts the PTT switch (item 606).
A dual word ISW is then transmitted to the fixed end cen-
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tral controller 110 by item 608 on the inbound control
channel. The contents and encoding of the first word of
the ISW is described in further in conjunction with Figure
9. The first word contains the subscriber unit identifica-
tion (ID) code of the requesting unit. The contents and
encoding of the second ISW word are described in con-
junction with Figure 10. The second word contains the
ID of the target mobile. Figure 11a describes in detail
the procedure for encoding each of the ISW's. The pro-
cedure for encoding the dual-word ISW's of the present
invention may be the same as the procedure described
above for single-word ISW's. Figure 11b illustrates the
form of the dual ISW request as it is presented to the
FM modulator of the requesting radio.

[0038] Afterthe dual ISW requestis sent to the central
controller, decision 613 causes the subscriber unit to
search for a channel "busy" or channel "grant" command
on the outbound control channel from the central con-
troller. According to the principles of the present inven-
tion, the channel "busy" or channel "grant" takes the
form of a dual word OSW if a dual word ISW was re-
ceived by the fixed end central controller 110. The con-
tents and encoding of the first word of the dual-word
OSW is shown in Figure 12. The first OSW contains the
ID of the target unit 104 of the individual call. The con-
tents and encoding of the second OSW are shown in
Figure 13. The second OSW contains the | D of the unit
requesting the individual call. Figure 14a illustrates in
detail the procedure by which the first and second OSW
words are encoded. The procedure may be the same
as the encoding procedure for standard OSW's. Figure
14b shows the form of dual OSW as it is received from
the fixed end central controller 110.

[0039] Referring still to Figure 6, if a dual word "busy"
is received by the requesting unit, then item 614 causes
the subscriber unit to wait for a dual word channel
"grant". When a dual word grant is received immediately
after the request, or after a busy has been received, then
the ID's in the first and second words are checked by
decision 616. According to the principles of the present
invention, the first word of the channel grant OSW must
contain the ID of the target subscriber unit, the second
word must contain the ID of the requesting unit. If the
proper ID's are not present, then decision 616 selects
item 610 which disregards the dual-word channel grant
OSW. The subscriber unit then returns to item 608 and
resends the dual ISW request. If the proper ID's are
present, thenitem 618 causes the requesting subscriber
unit to moves to the channel assigned by the second
word of the dual word grant. Item 620 then enables voice
communication on the assigned channel. The high-
speed handshake and low-speed handshake signals
described in Figure 5 are derived using the ID code of
the subscriber unit requesting the dual word private call.
[0040] When the subscriber unit dekeys on the voice
channel and system disconnect is detected by the sub-
scriber unit 102, as shown in Figure 5, "J", then decision
622 and item 624 return the subscriber unit to the trunk-
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ing control channel, and dual-word private call common
operation commences with routine 700 of Figure 7. If
the system disconnect has not been detected on the
voice channel, the requesting unit continues communi-
cation on the voice channel at item 620.

[0041] Referring now to Figure 7, there is another flow
diagram of the overall operation of the protocol of the
present invention. When a radio is in the dual-word pri-
vate call mode on the trunked system control channel,
and a dual-word request has not been sent by the unit
in response to an operator generated PTT, itis ina mode
of operation "common" to a requesting or target radio.

[0042] If adualword grantis received by item 702 and
PTT has not been detected by decision 704, then control
passes to "Target Mobile" 800 operation Figure 8. The
first word must contain the radio's own ID, and the sec-
ond word of the dual OSW must contain the ID of the
unit previously requested. If these ID's are not present
in the dual word, the command is discarded by decision
708, and the radio continues to wait for dual word grants.
[0043] If a dual word grant has snot been received,
but the operator has asserted PTT, then control passes
back to Figure 7, point A for a requesting subscriber unit.
A radio which has previously been a "target" radio uses
the ID latched as the requesting unit to call that unit
back.

[0044] If the operator has not asserted PTT, but the
operator has left the private mode by releasing the pri-
vate button or selecting a group call mode, then opera-
tion returns to the group call mode of Figure 7, point "C".
[0045] Referring now to Figure 8, the target radio op-
eration for dual-word private call begins with item 802
in the group call mode on the control channel. If decision
804 detects a dual-word grant according to the proce-
dure described in Figure 17, then decision 806 checks
the ID's. If the first word contains the radio's own ID, and
the second word contains a channel number in the sta-
tus field, then the ID in the second word is assumed to
be the ID of the initiating mobile and item 808 stores the
ID to be used in responding to the initial caller if required.
Iltem 810 then moves the target subscriber to the as-
signed voice channel and commences voice channel
communication, expecting the high speed handshake
and low speed handshake signals to be served from the
ID of the initiating radio which was stored by item 808
above. Voice channel communications continue until
decision 812 detects system disconnect as described in
Figure 5"J". Item 814 then returns the target unit 104 to
the control channel.

[0046] If the mobile radio operator has engaged the
private mode by depressing a button or other means,
then the ID of the requesting unit stored by item 808
above is latched, and decision 816 passes control to the
common operation routine 700 of Figure 7. If the private
mode has not been engaged by the target radio opera-
tor, decision 816 selects entry point 802 and the group
call mode continues.

[0047] Figure9is adiagram showing the contents and
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encoding of the first word of the ISW of the present in-
vention which contains the subscriber unit identification
(ID) code of the requesting unit. The information source
for the first ISW word "A" consists of 21 bits comprised
of the 16 bit requesting subscriber unit ID, followed by
the 5 bit binary sequence 01000. The ISW encoding
process "B" converts the 21 bit information source into
a 78 bit data stream "C" to be sent over the channel.
The process "B" is further described in conjunction with
Figure 11a. Starting with the 21 bit information se-
quence, the outer code 1104 and the auto-sync se-
quences 1106 are added according to the teachings of
the patents set forth above.

[0048] Figure 10 is a diagram showing the contents
and encoding of the second ISW word which contains
the ID of target mobile. The information source for the
second ISW word "A" consists of 21 bits comprised of
the 16 bit target subscriber unit ID followed by the 5 bit
binary sequence 01001. The ISW encoding process "B"
converts the 21 bit information source into a 78 bit data
stream "C" to be sent over the channel. The process "B"
is further described in the patents set forth above.
[0049] Figure 11b illustrates the form of the dual ISW
request as it is presented to the FM modulator of the
requesting radio. The two 78 bit ISW sequences derived
according to the procedure described above are pre-
sented to the FM modulator of the subscriber unit as two
serial binary sequences separated by the 16 bit binary
pattern 101010.

[0050] Referring now to Figure 12, the 27 bit informa-
tion sequence of Figure 4a consists of the 16 bit ID field
of the target subscriber unit 104, followed by the binary
number 1, and then followed by the 10 bit binary se-
quence "A" 1100001000. The OSW encoding process
"B" converts the 27 bit information field to 84 bits "C" to
be sent over the RF channel.

[0051] The process "B" is further described in con-
junction with Figure 14a. Starting with the 27 bit infor-
mation sequence 1402, 10 bits of parity for error detec-
tion are added by item 1404. The random error correc-
tion and bit interleaving are provided for in the patents
set forth above. This process results in a sequence of
78 bits. An 8 bit binary synchronization sequence is add-
ed as a preamble by item 1410 for a totally of 84 bits.
[0052] Figure 13 is a diagram showing the second
portion of the Outbound Signalling Word of Figure 4a.
The 27 bit information sequence consists of the 16 bit
ID field of requesting subscriber unit, followed by the bi-
nary number 1, and then followed by the 10 bit binary
sequence "A" which corresponds to a channel assign-
ment or a predesignated "busy" code. The OSW-encod-
ing process "B" converts the 27 bit information field to
84 bits "C" to be sent over the RF channel.

[0053] The process "B" is further described in con-
junction with Figure 14a. Starting with the 27 bit infor-
mation sequence 1402, 10 bits of parity for error detec-
tion are added by. item 1404. The random error correc-
tion and bit interleaving are provided for in the patents
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set forth above. This process results in a sequence of
78 bits. An 8 bit binary synchronization sequence is add-
ed as a preamble by item 1410 for a total of 84 bits.
Figure 14b shows the two 84 bit sequences described
above in the form in which they are presented to the FM
modulator of the control channel transmitter as two con-
secutive binary sequences.

[0054] Figure 15 illustrates how the Trunking Central
Controller decides that two independantly decoded |
SW's indeed form a concatenated dual word ISW from
a mobile or portable unit. The procedure starts when a
single valid ISW word is decoded on the Inbound Control
Channel at entry 1502. If decision 1504 detects a valid
"single-word code" is in the 5 bit ISW status field, then
control is passed to item 1522 which handles single
word commands in accordance with conventional call
processing techniques. If decision 1504 detects a dual-
word code, then decision 1506 determines whether the
first word code, or second word codes have been re-
ceived. If the ISW received is a first word, the it is stored
in a "First Word Buffer" by item 1510, and the time of
reception is recorded.

[0055] If a second word ISW has been received, then
the First Word Buffer is checked by decision 1508. If no
firstword is present, then item 1514 discards the second
word ISW. IF a first word is present in the buffer, then
decision 1512 checks the time of reception. If the first
word was received more than two word durations ago
(46 ms) then the 2nd word ISW just received, and the
first word ISW in the buffer, are discarded by item 1520.
[0056] If the first word ISW in the buffer was received
within two word times (46 ms), then a valid, concatenat-
ed ISW consisting of the first word in the buffer, and the
second word just decoded, has been received and item
1516 combines the two ISW words. ltem 1518 sends
the dual ISW as a combined command to appropriate
processing in the Central Controller. In the preferred em-
bodiment of the present invention, the 2nd word code
($09)(hex) initiates the Dual-Word Private call process-
ing of Figure 16.

[0057] Figure 16 describes how the trunked system
central controller processes dual word private call re-
quests from mobiles and portables. The processing de-
scribed here takes place between blocks 608 and 612
of Figure 6 (Requesting Mobile Processing). Control is
passed to the private call procedure 1602 of the present
invention after a dual-word private call ISW has been
successfully decoded as described in Figure 15.
[0058] First decision 1604 checks the ID contained in
the 2nd word of the dual ISW. This is the ID of the target
radio. If the target subscriber ID is already active on the
trunked system, then a dual word "busy" OSW is sent
to the requesting unit by the fixed end central controller
110 by item 1610. As mentioned above, Figures 12, 13,
and 14 describe the specific formating and encoding of
dual word OSW's. When a channel is released from
serving a call by decision 1612, then the private call 2
procedure is restarted to determine whether the "busy"
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OSW can be replaced by a "channel grant” OSW. Oth-
erwise, decision 1612 and item 1610 continue to send
the dual-word "busy OSW".

[0059] If the target mobile is not active as determined
by decision 1604, then the ID contained in the first word
is assumed to be that of the initiating unit. This ID is also
checked by decision 1606 to see whether it is currently
involved in a channel assignment on the trunked sys-
tem. If it is active, then a dual-word "busy" is sent by
item 1610 according to the procedure described above.
[0060] If the initiating and target subscriber unit | D's
are not involved in trunked system calls, then item 1608
determines whether a channel is available for assign-
ment to the private call. If a channel is not available, item
1610 is selected and the "busy" control sequence is en-
tered as described above.

[0061] If the initiating and target Unit ID's are not in-
volved in trunked system calls, and a channel is availa-
ble for assignment, the a dual word OSW grant is sent
on the outbound control channel to the initiating and tar-
get units. The format and encoding of this dual word
OSW was described above in conjunction with Figure
12,13 and 14.

[0062] After the dual word grant is sent, Voice Chan-
nel communications can commence atitem 1620, as de-
scribed according to the procedures of Figures 5, 6, 7,
and 8.

[0063] Accordingly, an improved dispatch trunked ra-
dio system which includes an expanded unifying signal-
ling protocol has been described which the improved
dispatch trunked radio system of the present invention
may be advantageously used to implement enhanced
system features while remaining compatible with prior
dispatch trunked radio systems. The subscriber units of
the present invention are capable of generating and re-
ceiving signalling information in accordance with a sin-
gle word or concatenated dual-word signalling scheme.
The central control unit also decodes and generates sig-
nalling information in accordance with a single or con-
catenated dual-word signalling scheme, and generates
channel controlling information in accordance with the
signalling scheme of the present invention. While the
teachings of the present invention have been disclosed
in the context of channel assignments the dual-word sig-
nalling protocol of the present invention may advanta-
geously used to provide an array of other system fea-
tures.

Claims

1. A dispatch trunked radio communication system
(100) comprising at least a transmitter (102,108)
and a receiver (104,102), wherein said transmitter
includes means for transmitting message (ISW)
comprised of channel request or grant signalling in-
formation, and selectively comprised of :
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a first data packet, wherein said first data pack-
et includes at least one dedicated field com-
prised of coded data that is first data packet in-
formation, wherein said coded data can selec-
tively be an indication that a second associated
data packet will follow said first data packet;
and

an optional second data packet, wherein said
second data packet includes at least one field
that comprises coded data that is second data
packet information;

and wherein said receiver includes means for
decoding (110), upon receiving a transmitted
message, said message, said means for de-
coding comprising:

means for determining if said message
comprises said first data packet, and if so,
determining if said dedicated field indicates
that a second data packet will be subse-
quently transmitted; and

means for determining if said message
comprises said second data packet, and if
so0, accepting said second data packet if a
first data packet having said dedicated field
indicating that said second data packet
would be so transmitted was received with-
in a predetermined period of time prior to
receiving said second data packet

A method (1500, 1600, 1700) of transmitting and
receiving messages, the messages comprising
channel request or channel grant signalling infor-
mation, between a transmitter and a receiver of a
dispatch trunkel radio communication system, com-
prising the steps of:

in the transmitter.

a. transmitting a first data packet having at least
one dedicated field contained therein, wherein
said dedicated field is comprised of coded data
that is first data packet information, and where-
in said dedicated field can selectively be an in-
dication that an associated second data packet
will be transmitted following transmission of
said first data packet; and

b. optionally transmitting a second data packet,
wherein said second data packet includes at
least one field that comprises coded data that
is second data packet information, provided
that said second data packet is only transmitted
following transmission of a first data packet
having said indication that an associated sec-
ond data packet will be subsequently transmit-
ted; and in the receiver:

c. decoding, if received by said receiver, said
first data packet to determine its contents, such
that:
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1. if said first data packet does not include
said indication that an associated second
data packet will be transmitted, said receiv-
er accepts information contained in said
first data packet;

2. if said first data packet does include said
indication that an associated second data
packet will be transmitted, said receiver
does not yet accept information contained
in said first data packet; and

d. decoding, if transmitted by said transmitter
and received by said receiver, said second data
packet to determine its contents, such that

1. if said second data packet was not pre-
ceded by reception, within a predeter-
mined period of time, of a first data packet
having an indication that an associated
second data packet would be subsequent-
ly transmitted, said receiver will not accept
information contained in said second data
packet; and

2. if said second data packet was preceded
by reception, within a predetermined peri-
od of time, of a first data packet having an
indication that an associated second data
packet would be subsequently transmitted,
said receiver will accept information con-
tained in both said second data packet and
in said first data packet.

A method (1500,1700) of receiving at least one data
packet in a receiver of a dispatch trunkel radio com-
munication system wherein said data packet com-
prises channel request or channel grant signalling
information, and may be selectively comprised of:

a first data packet that includes data that is first
data packet information, and wherein said first
data packet can selectively include an indica-
tion that an associated second data packet will
be transmitted following transmission of said
first data packet; and

an optional second data packet, wherein said
second data packet includes at least some data
that is second data packet information; the
method comprising the steps of:

a. receiving a data packet;

b. decoding said data packet to determine
its contents;

c. if said data packet includes an indication
that an associated second data packet will
be transmitted, storing at least some infor-
mation representative of said data packet
in memory to await reception of said sec-
ond data packet;
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d. if said data packet includes data that is
first data packet information, but does not
include said indication that an associated
second data packet will be transmitted, ac-
cepting information contained in said data
packet; and

e if said data packet includes data that is
second data packet information, accepting
information contained in said data packet,
unless reception of said data packet did not
occur within a predetermined time period
following reception of a first data packet
that included said indication that an asso-
ciated second data packet will be transmit-
ted.

Patentanspriiche

1.

Dispatch-Bindelfunk-Fernmeldesystem (100), das
wenigstens einen Sender (102, 108) und einen
Empfanger (104, 102) umfasst, bei dem der Sender
eine Einrichtung zum Senden von Nachrichten
(ISW) enthalt, die aus Kanalanforderungs- oder -
gewahrungs-Signalisierungsinformationen beste-
hen und selektiv bestehen aus:

einem ersten Datenpaket, wobei das erste Da-
tenpaket wenigstens ein zugeordnetes Feld
umfasst, das aus codierten Daten besteht, die
erste Datenpaketinformation sind, wobei die
codierten Daten selektiv eine Angabe sein kon-
nen, dass ein zweites zugehodriges Datenpaket
dem ersten Datenpaket folgen wird, und

einem wahlfreien zweiten Datenpaket, wobei
das zweite Datenpaket wenigstens ein Feld
enthalt, das codierte Daten umfasst, die zweite
Datenpaketinformation sind,

und wobei der Empfénger eine Einrichtung
(110) enthalt, die nach dem Empfangen einer
gesendeten Nachricht die Nachricht decodiert,
wobei die Einrichtung zum Decodieren um-
fasst:

eine Einrichtung, die feststellt, ob die Nachricht
das erste Datenpaket umfasst, und wenn ja,
feststellt, ob das zugeordnete Feld anzeigt,
dass ein zweites Datenpaket nachfolgend ge-
sendet werden wird, und

eine Einrichtung, die feststellt, ob die Nachricht
das zweite Datenpaket umfasst, und wenn ja,
das zweite Datenpaket annimmt, wenn ein er-
stes Datenpaket mit dem zugeordneten Feld,
das anzeigt, dass das zweite Datenpaket so
gesendet werden wird, innerhalb einer vorbe-
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stimmten Zeitdauer vor dem Empfangen des
zweiten Datenpakets empfangen wurde.

Verfahren (1500, 1600, 1700) zum Senden und
Empfangen von Nachrichten, wobei die Nachrich-
ten Kanalanforderungs- oder Kanalgewahrungs-Si-
gnalisierungsinformationen umfassen, zwischen
einem Sender und einem Empfanger eines Dis-
patch-Buindelfunk-Fernmeldesystems, das die fol-
genden Schritte umfasst:

in dem Sender:

a. Senden eines ersten Datenpakets mit
wenigstens einem darin enthaltenen zuge-
ordneten Feld, wobei das zugeordnete
Feld aus codierten Daten besteht, die erste
Datenpaketinformation sind, und wobei
das zugeordnete Feld selektiv eine Anga-
be sein kann, dass ein zugehdériges zwei-
tes Datenpaket nach der Ubertragung des
ersten Datenpakets gesendet werden
wird, und

b. wahlfrei Senden eines zweiten Datenpa-
kets, wobei das zweite Datenpaket wenig-
stens ein Feld enthalt, das codierte Daten
umfasst, die zweite Datenpaketinformation
sind, vorausgesetzt, dass das zweite Da-
tenpaket nur nach dem Senden eines er-
sten Datenpakets mit der Angabe, dass ein
zugehoriges zweites Datenpaket nachfol-
gend gesendet werden wird, gesendet
wird, und

in dem Empfanger:

b. Decodieren, wenn durch den Empfanger
empfangen, des ersten Datenpakets, um
seinen Inhalt zu ermitteln, so dass

1. wenn das erste Datenpaket die An-
gabe nicht enthalt, dass ein zugehori-
ges zweites Datenpaket gesendet
werden wird, der Empfénger die in
dem ersten Datenpaket enthaltene In-
formation annimmt;

2. wenn das zweite Datenpaket die An-
gabe enthélt, dass ein zugehdriges
zweites Datenpaket gesendet werden
wird, der Empfénger die in dem ersten
Datenpaket enthaltene Information
noch nicht annimmt, und

d. Decodieren, wenn von dem Sender ge-
sendet und von dem Empfanger empfan-
gen, des zweiten Datenpakets, um seinen
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Inhalt zu ermitteln, so dass:

1. wenn dem zweiten Datenpaket nicht
innerhalb einer vorbestimmten Zeit-
dauer der Empfang eines ersten Da-
tenpakets mit einer Angabe, dass ein
zugehoriges zweites Datenpaket
nachfolgend gesendet werden wird,
vorausgegangen ist, der Empfanger
die in dem zweiten Datenpaket enthal-
tene Information nicht annehmen wird,
und

2. wenn dem zweiten Datenpaket in-
nerhalb einer vorbestimmten Zeitdau-
er der Empfang eines ersten Datenpa-
kets mit einer Angabe, dass ein zuge-
horiges zweites Datenpaket nachfol-
gend gesendet werden wird, voraus-
gegangen ist, der Empfanger sowonhl
die in dem zweiten Datenpaket als
auch die in dem ersten Datenpaket
enthaltene Information annehmen
wird.

Verfahren (1500, 1700) zum Empfangen wenig-
stens eines Datenpakets in einem Empfanger eines
Dispatch-Bundelfunk-Fernmeldesystems,  wobei
das Datenpaket Kanalanforderungs- oder Kanalge-
wahrungs-Signalisierungsinformationen  umfasst
und selektiv bestehen kann aus:

einem ersten Datenpaket, das Daten enthalt,
die erste Datenpaketinformation sind, und wo-
bei das erste Datenpaket selektiv eine Angabe
enthalten kann, dass ein zugehdriges zweites
Datenpaket nach dem Senden des ersten Da-
tenpakets gesendet werden wird, und

einem wahlfreien zweiten Datenpaket, wobei
das zweite Datenpaket wenigstens einige Da-
ten enthalt, die zweite Datenpaketinformation
sind, wobei das Verfahren die folgenden Schrit-
te umfasst:

a. Empfangen eines Datenpakets;

b. Decodieren des Datenpakets, um sei-
nen Inhalt zu ermitteln;

c. wenn das Datenpaket eine Angabe ent-
halt, dass ein zugehdriges zweites Daten-
paket gesendet werden wird, Speichern
wenigstens einiger Information, die flr das
Datenpaket reprasentativ ist, im Speicher,
um den Empfang des zweiten Datenpakets
zu erwarten;
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d. wenn das Datenpaket Daten enthalt, die
erste Paketdateninformation sind, aber
nicht die Angabe enthalt, dass ein zugeho-
riges zweites Datenpaket gesendet wer-
den wird, Annehmen der in dem Datenpa-
ket enthaltenen Information, und

e. wenn das Datenpaket Daten enthalt, die
zweite Paketdateninformation sind, An-
nehmen der in dem Datenpaket enthalte-
nen Information, es sei denn, dass der
Empfang des Datenpakets nicht innerhalb
einer vorbestimmten Zeitdauer nach dem
Empfang eines ersten Datenpakets statt-
gefunden hat, das die Angabe enthielt,
dass ein zugehdriges zweites Datenpaket
gesendet werden wird.

Revendications

Systéme de communication radio a ressources par-
tagées de distribution (100) comprenant au moins
un émetteur (102,108) et un récepteur (104,102),
dans lequel ledit émetteur comprend un moyen
pour I'émission de messages (ISW) comprenant
des informations de signalisation de demande de
canal ou d'attribution de canal et constitués, de fa-
¢on sélective, par:

- un premier paquet de données comprenant au
moins un champ dédié constitué de données
codées constituant une premiére information
de paquet de données, dans lequel lesdites
données codées peuvent étre sélectivement
une indication selon laquelle un second paquet
de données associé suit ledit premier paquet
de données ; et

- un second paquet de données en option com-
prenant au moins un champ constitué de don-
nées codées qui sont une seconde information
de paquet de données ;

et dans lequel ledit récepteur comprend un
moyen (110) qui décode, lors de la réception d'un
message émis, ledit message, ledit moyen de dé-
codage comprenant :

- un moyen pour déterminer si ledit message
comprend ledit premier paquet de données et,
si oui, pour déterminer si ledit champ dédié in-
dique qu'un second paquet de données est en-
suite émis ; et

- un moyen pour déterminer si ledit message
comprend ledit second paquet de données et,
si oui, pour accepter ledit second paquet de
données si un premier paquet de données
ayant ledit champ dédié indiquant que ledit se-
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cond paquet de données sera émis a été regu
dans une période de temps prédéterminée
avant la réception dudit second paquet de don-
nées.

Procédé (1500, 1600, 1700), pour émettre et rece-
voir des messages, les messages comprenant des
informations de signalisation de demande de canal
ou d'attribution de canal, entre un émetteur et un
récepteur d'un systéme de communication radio a
ressources partagées de distribution, comprenant
les étapes suivantes :

dans I'émetteur :

- émettre un premier paquet de données
ayant au moins un champ dédié, ou ledit
champ dédié est constitué de données co-
dées qui sont une information de premier
paquet de données, et ou ledit champ dé-
dié peut étre, de fagon sélective, une indi-
cation qu'un second paquet de données
associé sera émis suite a I'émission dudit
premier paquet de données ; et

- émettre en option un second paquet de
données, ou ledit second paquet de don-
nées comprend au moins un champ com-
prenant des données codées qui sont une
information de second paquet de données,
étant entendu que ledit second paquet de
données n'est émis que suite a I'émission
d'un premier paquet de données ayant la-
dite indication selon laquelle un second pa-
quet de données associé sera ensuite
émis ; et

dans le récepteur :

- décoder, s'il y a réception par ledit récep-
teur, ledit paquet de données pour déter-
miner son contenu de telle fagon que :

- siledit premier paquet de données ne
comprend pas ladite indication selon
laquelle un second paquet de données
associé sera émis, ledit récepteur ac-
cepte l'information contenue dans ledit
premier paquet de données ;

- si ledit premier paquet de données
comprend ladite indication selon la-
quelle un second paquet de données
associé sera émis, ledit récepteur
n'accepte pas encore linformation
contenue dans ledit premier paquet de
données ; et

- décoder, s'il y a émission par ledit émetteur
et réception par ledit récepteur, ledit se-
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cond paquet de données pour déterminer
son contenu de telle fagon que :

- si ledit second paquet de données
n'était pas précédé d'une réception
dans une période de temps prédéter-
minée d'un premier paquet de don-
nées ayant une indication selon la-
quelle un second paquet de données
associé sera ensuite émis, ledit récep-
teur n'acceptera pas l'information con-
tenue dans ledit second paquet de
données ; et

- si ledit second paquet de données
était précédé d'une réception dans
une période de temps prédéterminée
d'un premier paquet de données ayant
une indication selon laquelle un se-
cond paquet de données associé sera
ensuite émis, ledit récepteur accepte-
ra l'information contenue, a la fois,
dans ledit second paquet de données
et dans ledit premier paquet de don-
nées.

Procédé (1500, 1700) de réception d'au moins un
paquet de données dans un récepteur d'un systéeme
de communication radio a ressources partagées de
distribution, ou au moins un paquet de données
comprend des informations de signalisation de de-
mande de canal ou d'attribution de canal, et peut
étre constitué, de fagon sélective, par:

- unpremier paquet de données comprenant des
données constituant une information de pre-
mier paquet de données, et ou ledit premier pa-
quet de données peut comprendre, de fagon
sélective, une indication selon laquelle un se-
cond paquet de données associé sera émis sui-
te a I'émission dudit premier paquet de
données ; et

- unsecond paquet de données en option, ou le-
dit second paquet de données comprend au
moins certaines données constituant une infor-
mation de second paquet de données ; le pro-
cédé comprenant les étapes suivantes :

- recevoir un paquet de données ;
- décoder ledit paquet de données pour dé-
terminer son contenu ;

- siledit paquet de données comprend une indi-
cation selon laquelle un second paquet de don-
nées associé sera émis, stocker au moins une
certaine information représentant ledit paquet
de données en mémoire pour attendre la récep-
tion dudit second paquet de données ;

- siledit paquet de données comprend des don-
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nées constituant une information de premier
paquet de données, mais ne comprend pas la-
dite indication selon laquelle un second paquet
de données associé sera émis, accepter l'infor-
mation contenue dans ledit paquet de
données ; et

si ledit paquet de données comprend des don-
nées constituant une information de second pa-
quet de données, accepter l'information conte-
nue dans ledit paquet de données a moins que
la réception dudit paquet de données ne sur-
vienne dans une période prédéterminée de
temps suite a la réception d'un premier paquet
de données comprenant ladite indication selon
laquelle un second paquet de données associé
sera émis.
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